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INTROONOTION

The analysis of loads imposed on airplanes due Lo pasts arA the establixhtnnt
of applicable design criteria has had a long and comlex history. Sizpdifice-
tiona thett were made during the rftddle 1930's led to the use of the *sharp-
edie-~guat. fo~tta" a&&d. an "effective gust velocityN based on the response of a

stndarrl airpl& te. After World War I I it was evident that 0his concept wis
becoming obsolete,, particularly with the advynt amA widespread use o~f tech-
n2iques for analyzing the dynamuic response of specific denigns to actual Jr~d-
ing conditions. This required a definition of "tue gus velocities and
shapes for use in such analyzes. Such a definition was accooevli shed several
years ago. A thorough description of the history leading to the chwang and the
basisj of current merthods of analysis is given in references (a) and (b). These

reotsls ams eeypetn% -. erence in the field of past-loads
analysis. Refqrenceso (eel (d),. an~d (e) are also of Interest. Oust loading
cOrndltions for airplanes now specified in Bureau of Aeronautics Specification
t4IL-A-8e29 Mer),, reference M..) are based. on the new oethod described in
reference (a).

The detemination of past loads5 on a~irship fine has also made use of the
* effeettitue sharp-edge-gust corncep".. with values of design gust velocity chosen

mor~e or los arbitraxviy from airpiane experience and mo~del tests. It has
- ~become of inttrest t~o a~p ly the new methods., which. were developed for air-

planes, to tI.IC analysir of &Lrsh4p fin load*s caused by pusts. Therefore, the
purpose of this etudy 1 a to determine the response of A~irships subjected to
gusts, considering the airship as a f~~e o~ reedomr system &ad corsider-
Ing' the lift-lag effects on Cv aeredynamic forcees indu~ced in the fins.
Various priusry paramters are varied t.o determ'ine the significance of theirI ~effects. Also, the effects on the bull of pasto. that we critical for the fins
ws investi Caed.
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DEFINITION OF $YNSOLS

Symbol# are defined In the order in wtuich introduced intc the analysis.

Fk aerod(ynaic force on hull

M% aerodyaumic moaent on hull

I=F aerodynmsic force on tail

M mass of earship

I = ~moment of inertia of airship

= trwvsverse apparent me&ss factor

A'= rotational apparent mass factor

r = radius of jyration Df effective airship,

vertical translation of tail

S= vertical translation of hull c.e.

6 = pitching rotatioi, of hull c.g.

= dstanx-e from c.g. to aerodynamic center of tail
surface (*-chord point)

lift due to gust

LM= lift due to disturbed motion of taWl

P = air density

V = forww-d velocity

S = area of tadl

= slope-of-lift curve of tail baosed on aspect ratio
including projected area across h~il between fiew.

IAJ = variable gt velocity, normal to flltSht patti

U = umziim gust velocity

)= uwteady-lift functi'- giving the growth of lift on a
finite-span marface subjected to a sharp-edge gt.

_____ 2 -- -~b ~ -



*EW) = unsteady-lift futictior giving the growth of lift on a
finite-span surface subjected to a sudden unit change
of angie of attack

s= lope of curve of coeffi(ient of lift for hull

40ct = slope of curve ,:f oefficieit of nomet for hull

S # = maximum croe--sectional area of hull

)th = total leaijth of hull

S = distance travelled in half-chord lengths, ' V)

t = time travelled

C = mean aerodynamic chord of tail fin

4L = half the length of the hull

R = maxiumm radius of the hull

A(s) = rponne to sharp-edge gust

4 := uswt factor, peak value of R(s)
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METHOD OF ANAL¥SIS

A. Estabiishuent of Equations of Motion -

The basic simplification that is made in this analysis is to separate the
effect of the gust on the fins from its effect on the hull. Later it is shown
that the effect on the hull is small enough to justify this assumptiona One
remaon fo! this is that the spatial extent of gusts most critical for the fins
is smasl relative to the lerigth of the hbull. However, changes in total lift
and moment. acting on the hull due to changes in angle of attack or yaw will be
included.

The airship will be represented by a simplifed system shown by the following
sketch:

I z

<Fa
Th* coordinates of the hull c jr. ai taken as 0 1 and the coordinates of
the tail are taken as 4, X , Tht asw wAmwt of inertia of the lumped
m-" Is taken to include the actul bull apsnt ma" factors. The aero-
dynmic behavior of the tail sarface is smmsed to be concentrated at the
Mreod~amic center. The gust Is taken to act orly on the fins.

ft, e.Atims of wtioti for this sarstem are:

Ph4 + FJ 40+om

wF-4-

_ _ _ _ - -[ .
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9z . (2.
to6 ' €C

Subetituting (2) into 1)D, and eliminating B from the first equation,j 5 ÷L.-- M- 4)
6L#+ A )'kil *r4waAl (3)

Introducing the radius of gyration of the system, including apparent mass
factors, the equatiors of motion can be reduced to

0, + A'l:[e M Ft It

I I s V!i now necessary to define the aerodynamic forces in these equations.

Lf = Lift due to the gust directly

I L T~Lift due to the disturbed motion of the tail caused by the Must

Lift on airship hull due to change in angle caused by the gustI act•.ng on the tail.

A = Momwnt on airship hull due to change in angle ceused by the gust
Sacting on the ta il.

Prior to encountering the gust, the airship is aseumed to be in equilibrlulw.
Angular change dt L the gust are meazured from the initial position, which
can therefore be taken to be zero. L 9 and TV, nst be determined by introducing
appropriate lift-lag functions into TDuha l integr !r, in order to determine
the accumulated lift at any tJ,•,nw ile the angie of attack is varying. Furtner
background on this step is given in reference (6i, pages 262-265.

I

- - - - -
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nopfVISmf Sfrj

(5)
J CL,

M CL½ tVa Sh , _ VLS ot)

LmTPrV$5kI4M Ceti VIS41246(N

0) and #0$) are the respective functions which describe the build-up iii
lift and occurs on eun airfoil penetrating a unit sharp-edge gust and an air-
foii experiencing an ingtantaneous unit change in angle of attack. Putting all

of these expressions for the aerodynamic forces into the equations of motion

gives the *"ollowing:
0 -#-.As) ho Z 10 V Ashpa V L •-• Ott

VOV

iS r~~mJ4 .E(O-).L(r) + I~
(6)

0 +161e ' , 1 Ot
I

+S + er

"" •e. V• etm
( (Si'wretLG r)' 't't)]jv

$ ll _ l l IF - - - j - _ lll_ ! 1 I I . . BII I - I Il I iii i I I . .. .

/ / .... .-.-
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Since the lift-growth functions depend on the distance rather than the time

travelled, the equations of motion are transformed to make dictance the

independent variable.

Let s a the distance travelled in half-chords of the fin.

(T ('7)

Similarly,

j .

Puttinj thes exressiors into the equations of mot4-on, •olvinig for a' and B',

and simplifying•

-(-

S i m i la.. " r l y , . . ... I III11 l IIIII I . .. . . " "" I !1 I I I _/ _• II II III]1 -
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+ rS, c" (f,(Sano) V( 8

J I nv (s .d. o 6r) +

Constants can now be defined as follows!

/• c
K, 

2

r C 4 J.

K,= K,' + K=t +As) M.sh (9)

In hefolowngmanner:00

K . A C M

Using these cons~tants., the equations of motion can raow be stated more simpl1y

in the following manner:

-f~~gs~r)C [efr) +7J~r)
(10)

41" ( -

S.. . . . . . .. " 1 I f l I I II I II _ - - . .. . . . .. . .• ,, • . . . . . - • ,.iS•
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THESE T EQUATIONS REPRESENT THE BASIC MATHEMATICAL STATUMENT OF THE "STICK-
MOXO" CONDITION OF TOE AIRSHIP N•U(T•R11GNG A GUST.

Certain simplifying assumptions can be made to expedite solution of these
equations. First, coneer only the tenrs with the braces. In the first

integral, let Wr)-r#V a constant, or sharp-edge gust. Solutions obtained
for a sharp-edge gust can be ueed to obtain a response for any gust profile,
using the Duhamel integcal. In the second integral, #(S-) can be aseumed

to be unity sinee the aspect ratio of airship t&il so.faces is generally very
low. This means that the initial lift due to an instantaneous change, in angle

of attack is about 70% of the steady-state lift, to which it converges in less
than three chord lengths. With these assumptions, the integeals are treated
as follows:

0++ (,) +-~ +'s9S

Equations (10) therefore become

Z"()~KgO + K3[ j.9(s)G()*()](2V •

K 1 (S) + K) (s)- V Z'(s)]

The equations of motion are now in a suitable form for solution, but before
proceeding with this, the next section will establish the function 10(s)

that will be used.

5. enst..dy-Iift FunctiOts -

The exact form of the lift-growth functions for an airfoil subjected to

sudden changes in angle of attack or penetrating gusts is dependent on the
aspect ratio. Extending previLols work by Wagner and Kusxner on the infinite-

aspect-ratio wing, Jones solved the problem for the finite-aspect-ratio wing

in reforence (g). Fligure was prepared from data given in reference (g) for

aspect ratios of 3, 6, and infinity. The limiting case for an aspect ratio

- . --- g- -- - - - - -
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of zero is shown by the eMirPwel dotted curve, wherein the lag effect is
considered to be due only to the penetratioa. of the full chord length. The
function OW N) I " Wa selecteds sa simpie approximation applicable
to the razle of aspect, ratios fromi 1 to 2, This simple form of the Panction
facilitates ntuerical solution of the equations later.

C. Solution of E%Uations -

The equations of motion are now in a form that can be readily solved by use
of the Laplace Transform. While it is possible to solve the differential
equations directly for zMe), tt is much easier to solve for z"(s) directly
and then integrae numerically to obtain z' (s) and z(s). Referring to
pages 14, 294, and 295 of reference (h), the following orstrations can be

Inzdcn h~ (ra(s))m nt (p) tin Z le(S)} to th olu'

Ir 'I I tart: 1¶

algebraic siuud.taneous equations'

(14)

- 10-
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Collect Z"(p) and 4"(p) terms,

,+
(15)

P~Cv

Eliminating "(p) and solving for 10(p),

pP = Kf +" , (K '4 K, K,3)
v~ ~~ P. (K4-)I + (

Let N(p) and Q(p) functions be defined as follows:

! o.(p) PI (17)• =+ . ' ,(P 'No4 P, + My

where

M,= K, K4  -KJ KLK•
M,=z_, (18)

C

M4 a K4 - KL

MS M f IM,

If the polynomial 0(p) ir, now assud to be completely factored, it will
appear in the form

Q(r) (m )( -S-)(r- ,)(r+I) (+,

- 11-
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Using Heaviside's Partial Fractions Expansion (see Section 16 of reference
(h)), the inverse transform can be readily obtained, so that the solution for

z"(s) can be stated in the form,

In this form it must be noted that Qn (Br) is defined as the number (which

may be complex) resulting from substituting p = Bn into all the factors of

Q(p), but omitting the factor (p - Bn), which is zero.

ThMe solution ror 0"(s) can be obtained in a similar manner, but is not carried

through here because z"(s) is the pertinent vairable that determines the

structural loads acting on the airship fins. The solution for zw(s) can be

put into non-dimensional form by dividing by the simple solution that would

be obtained if lift-lag effects were neglected and the fins were assmwd
constrained from moving in the direction of the gust.

Acceleration "Constrained-f-in" force = &V
Effective mass

Transforming E-() to z"(s) requires multiplying by (g)i and dividing all
of this into equation (20) gives the non-dimensional response factor to a
sharp-edge gust.

K II~ III 
I 

I 
(&)II 

I1 I I [.

All of the factors outside the swmation cancel nicely to unity, Jeaving only

the swmtion as the non-dimansional response factor, A(s0. With this

factor tMe response to any gust can norw be obtained tieing the Duhams

intep-al.

-12 -
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R(s) fwA (s- r)d

where 4(s) is the derivative of the gust velocity distribution. The 1 -

cosine gust will be used in the following form:

wj(s; = co(g- .!
tze(SU Zir S

Tr U Sin T
L L

Substituting this expression into the Duhainel integral yields,

R (S) Trsin(-
zrlr 2A7A(S -- CO)dcr

L fSL
0

This is readily solved by numerical integration. The calculating procedure

is explained in the numerical example of a typical case given in Appendix A.

D. Parameters -

The basic parameters involved in the solution of this problem are given by
equations (9) and are restated here.

I C z (if At)M/sKI .• 10 C "c,./i.

K, -K,' +, .A)Ls

Deata was obtained from~ the Bureau of Aeronatics for a representative group

of airships. Values for apparent mass factor, when none were given, were taken

from P•igure 2, based on Art. 155 of refe~rence (ii.

- 13-
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In order to obtain values for JQX and for the airship hulls,

aerodynamic data available for Lodies of revolution in references (j), (k),
(f), and Wm) were enalyzed. Figure 3 presents curves of CL versus cc for
various fineness ratios. V-dues of CL , based on maximwi cross-sectional

area, are seen to be roughly in proportion to the fineness ratio,, or, in other

words, the total value of lift is roughly proportional to the planfom area.
Although the correlation is not considered especially good, it ia shown later
that. the effect of aerodynamic terms is quite small and it therefore suffices
to take average values based on figure 3, Also, linear approximations to
these curves were taken by using the secant values through o () and 100.

Based on the available data,, was takter &a 0.019/deg.ee I." finenmes

ratio of 4.24. In a similar manner, was taken to be 0.003/degree
for a fineness ratio of 4.24. For other firnness ratios, these values were

adjusted proportionately.

Values of the basic parameters r motions in the X-Z plane are listed in the
following table for four different types of airships:

AIRSHIP .. '-4 ZS2G-1 ZPG-2 ZR-3

n+ 
(Los Angeles)

Arrangement

iO k 19.4 14.5 17.8 13.7

Vh 122.9 91.17 112.8 86.8

00* 5.63 5.44 5.60 7.26

S22.8 21A4 27.4 40.0

K1 1.06 1.97 1.64 3.31

Kp .00629 .0110 .00750 .00740

K3 1.68 2.28 2.04 2.34

K4 .0125 .0168 .0122 .00686

NOTE: Forces on the tail and, therefore, the above parauiwters are
based on the exposed area, of the fins.

The values given in this table and certain variations of them were used in
computing a series of numerical examples to illustrate the effects of gusto
and the importance of different parameters.

- 14-
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I Using the method of analysis and premnetera presented in the previous section,

a series of numerical exap1•res we•-e computed. The first objective was to

determine the basic nature of the airship response and the size of gust which

produced maximum peak ^.celerations. The ZS'-4 airship was used for this

purpose. The calculated response to a sharp-edge gust is shown in Figure 4;

this was used to compute peak u-celeration responses to 1 - cosine gusts o%

various lengths. These results are shown in Figure 5 and indicate thAt a gust

with a total length of about six half-chords can be taken as critical, that

is, the shortest-length gust near peak response* A time history of response

to this gust is shown in Figure 6. The significant result shown by theme

curves is that peak acceleration occurs very shortly after the gust peek,

which, for a typical forward speed of 52.5 knots (chosen to give an even tin*

"scale), to of the order of 0.4 aeconds from the beginning of any perceptible

displacement or motion of the fins. It therefore appears that there cannot

be any significant pilot response at the time of peak acceleration caused by

the gust. After a second has elapsed, howover, velocities and displacements

become very large, and it is certain that pilot response will begin to affect

the airship motions at this stae.

Also shown on Figure 6 is the response calculated with the hull aerodynmic

terms entirely omitted. It is evident that the effect of thi# change is very

swall, and justifies the linear approximations developed previously for
IdC•/• and %Cw/,J. . It would rftlly be Justified to omit thot in a&1

remaining analyses, but tey were included because i1 involred virtually *10
additional effort in the computations.

The next oQbjective to the program was to ascertain the extent to which the
airship was affected by the action of the gust directly on the lul. The

method of analysis for this condition is described in Appendix B. RsultL

I are shown on Figurc 7 for the M-1 airship for repeated and isolated gizsts

equivalent to the three-chord-length pusts found to be critical for the fins,

and for six-chord-length psts. The curves shown are based on a true gut

velocity of 50 fe.t per second. It is evident that the pitch angle caused by

the gust travelling over the length of the hull Is small. The cse of great-

est interest, the isolated 2.5-chord sinusoidal gust, produces a pitch angle

of about 1.6 degres. The fin is therefore subjected to an increment of load

-_15
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-due to this pitch angle in addition to the angle of attack Induced directly
by the gust. This latter angle is of the order of 20 deg"reea for aý 50 foot-
per-second gust, so that the effect of the guast on the hull is less than 10
percent. A gust4 of twice the lengtn produces angles up to 2.8 degrees, but
this will be offset to some degree by the lower fin response and the effect
of pilot corection, The effect of the guat on the hull is therefore meen to
be significant enough to be zonsidered in any reftned an~alysis of a specific
design, but is small enough to J~ustify the or~iginal a~ssumption that the -effect,
of the gust on the fins can be treated independent of the hull. For overkll
design criteria,, this effect could be reasonably taken into account by
choosing' a design gust velocity about 10% higher than the actual limit con-
sidered applicable.

The third and prim~ary objective to the program was to determine the signifi-
cance of the varictua airship parametero. In partic.ular,, it is of interest to
establish whether or not the parameter .OA* cart be considered the basic one.,
since it, Is directly analogous to the airplane mans puremeter that establishes
oairplwei response to gusts. This point is act~ually somewht &cademc, since
airships are all so sim~ilar in general design that there is not mutch variation
in tlhe parameters. However, in order to see the oeffect of a radical change in,

,.#4* ,three nowrical ezovpl were computd starting with the basic
chsarweristies of the ZS2-l oirship. In tho first oxw~l*, the moment of
inertia was arbitrarily increased tenfold* int the second evxple,v the xmmnt
of inertia was rauVored to nrmar~l and the fin aea, wis reduced to produce the
same00 in the thtrdi aa~lthe umss was incz'essed to p~mtaeec the sam

'00,4 o oment of inertia appears In the parusetoer/^ only,, fin area,
sppears in AO. and mi~ ad ss" appears in all four pwam~ters, ,

,04, , and . mre tare, Wei appears to covern the range
of possible variations, time histories of acceleration responses wre shown
on Pikgure 8.

Pinally,# tihe peak acceleration reoponses computed for the various caser are
ploted s afuntio ofiii Figure 9. Also shown is the gust-factor

curve for airplaneos, as given in reference M.), for compwipron. It~ can be
sewn that the behavior ie similar., except that airship reeponses are nilgher
because lift-lag effects for the low-sspoct-ratio tal surfaces are les"
pronounced than for airplane wings. It is considerod, that iFigure 9 could
form the basis for a new design Cwt criterion for airship fins.

-16-
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So"e flight-test data from instrumented airships obtained by the Aeronautical

Structures Laboratory, Naval Air Materlal Center, vas investigated to see if

there w any exprimentaW verification of type of responses shown in this

report, Unfortunmtely, the records available were intended for a different

purpose, so that the relatively hisS-frequency loads caused by pat loads on
the fine could not be detected. {See Figure 10) One thing that the records

did bring out is that large amounts of control-surface deflection frows one

extreme to the other were constantly being applied. The airship is basically

,natable aid repome to control appl catlon has such a lag that the pilot

tends to apply control in discrete increments as soon as he detect. a pitching

velocity and then wits to see the effect. This means that full throw of the

controls I* often applied and held for periods as long as five secords. In

continuous tUrbulence this would certainly mon combinations of criticl rwst

loads with miua control position.

The control-aurface motions peared to be far more active than warranted by

the fairly mild variations of pitch attittwe. Close examination, however,,

revealed that control-mirface motion wm closely correlated with every de-

tectable change in pitch attitude. Most of the pilot,, work., therefore, is

sking corrections for sl disturbances. 7hia suggts tat a just-

alleviating device could be quite promsing am a =vna for improving flying

qualities.

It would be of great value to obtain more d#,ta from instrumented airships

flying in turbulent air. The inatrtmentation should be set up to detect and

record the types of critical gusto indicated by the analysis. It is recom-

mended that a conventional airplane such as the WID also be lnstnmtrwted and

fiow alonr with the airship in turbulence. The airplane ce.1l4 make passes

by the airsnip and record in intervals as it foes by. With this procedure,

the airplane would serve as an independent means for checking the level of

turbulence And correlating the results obtained from the airship.

-17 -
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CONCLUS IONS

1. Ousts that catu critical loading of airship fins are about three chord
lengths long, using the idealized I - cosine gust shaep. Peak loads
occur when th* fin has travelled between li and 2 chord lengths from
the point where the leading edge first strikes the gust.

2. The effective mass parameter of the airship fins is the most significant

parnoter for deemnining the response. The variation of peek accelera-
tion response with effective mass parameter is simLL•r to the variation
of gust factor with airplane mass parameter, except that the responses
are mch greater. The effective mass parameter could be used as the
btwas for a gat design criterion, or, since airships are geonrally so
x•m|•, one, valie of "t factor could be selected as applicable to

all cases.

3. Design gust conditions should be specified in combination with full throw
of the cQnrol surface.

4. A flight-test program to obtain data on gust loads would be of value.
Such a program should include measurement of accelerations at the i1
with an oscill•graph paper speed suitable for detecting gpits of about
three fin chords in length. Measurement of turbulence in the same
region as the airship, using an instrwonted conventional airplane, would
provide awi independent check of th' level of turbulence.

-- -8 - -~A .~ -
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APPENDIX A

1 mNgNECAL EXAMPLE: Z$4-1 AMOSMtP

SK,u ", I of'-K "•S~7

Kv. O.0oO4..8 Mt= Ki K4 - Kr K" 0.003165

t1N(p)I p= !' + -M pZ ÷ O.OOt•O04

x (Qp+ (p

Bi, O-.q380O

B, - -. OtZs•+ ÷,o$967i,

NB,)• " -IL~oo -~os

N (80,) (-.o'z)" . OOZ7+)(-0 .O0sz.

, 4(b,,) o072

Q, )... ... 5
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N(B,)- C-OztY3-.OSP37LYr 4-ozoo - ,-.ooio48+.oot(,* 4
Qs(k)(o(0zes - 005 67i)(-. iX.9714-.oS9670- o

N( ) -. 0-04O *O.

0 It -. O1 .. +.OOs'9• i

N (0) 1)I).0oo004" I. 09Z

Q4 (01)'= ('05WA7..~i9 7*97 .S~7) .9170

Le___ I -0093
Q,,(,) -. 9-70

A(s) =1.0o2 e""S + (.035'15-.B f')

A(s) 03. 5 +.,3 -8 ) C 1. o3 ee-=

+, e' r (. 0TOY7 0 0 + .-1777/Sin 9)

wher, e 1 .0s9'7(S7.,3)S = 345. S ".re,

Ts equation w" used to compue And ta•bdate vtmu* of A(s) from 4 =0 to 1(0

Computation of the respoe to a 6-ha -chord-lwth gmust with a peek velocity

of unity is baWed on the into"_,

R(s) f/si. Lff~ 4AM-r)dcr"

O________________
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M umS we4 olved by numerical integration, trapexoidal rule, using
Ac - .25, for a = 0 to 8.

Therefore, RA () ± (in ~2)A#- .'r

wherein the first and last terms are wero,

Tho procedure for accomplishing this ws to list vTlues of A(s) at a .25
intervales in reverse order, starting with the value of At) at a:= 8 ,d ending
with sero, the value at a =-0, at the bottom of the ctur. On another sheet,

succeskr;-e values of sin 1 atE4= .25 intervals were listed from r= 0 to 8
in a column with zero, the value at ea - O, at the top4 A scuession of awun
of products was then made by first placing the A(e) sheet so that the bottom
value, zero, appearad alongside the top value, zero, of sin i The product
of the two adjacent nunbers, zero,, w recorded. 11w A(s) sheet wu then
moved down one number so that A( .25) appeared alongside the first value of
sin I . The P- of two products of adjacent numbers vu then coute4d, which

jwma still zero. Again the sheet ms moved down to yield three pairs of adja-

cent numbers. Now the suin of products gives a finit.e value. As the sheet is
moved down folr each new summation, one additioral product is pýeked up until
23 products (ex-ludinf the two no terme) are involved at s =6, Since this is

the end of the gust, further values of sin V are all ero amid 23 products

continue to te involved for values of R(s) bound s :6.

2
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APPENOIX B

EFFECT OF OUST ACTM14 I1RECTLY 0U NULL

Te total loads inposed cti airship fins by gust st also include any angle

or[ attack ceueed by the gust acting directly on the hull. The method of
antaysis for this condition is described in this section.

It iL noted (reference (k)) thlat the Iift on a body of revolution at an in-

eiintion to the airstrewa is caqosed of a part due to the potential flow

and a •.t due to the viscous drag of the cross-flow component. At large

asngles of attack, the latter component is by far predominant. Also, there is

*m0 quentir as to what kind of potential flow pattern can develop over a

bedy of revoluticn when the cross-flow may change from a maxinsm positive to

a msuwm negative value several times over the body length. Therefore,
potential flow effects are neglected, and the forces on the hull are calcu-

lated on the basis of drag forces only, in the following manner:

z

__ ___ __ ,

Ai al ternating sinusoiial 1rust pattern was
a~sumed, w*ose relation to the 1-cosine gust

ashape is shown at the right. The fin response /
to a 2.5-chord half sine wave is e•Caserakd.1y

the saire as the response to a 3-chord 1-cosine

%ve form. (This relationship ma chosen on

the same basis as the 25-chord, 1-cosire

gust shape was selected for airplanes as

equivalent to the former concept of a 3C

"-24 -
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"wraMpW gust hapl~e that peaked in ten chord leng'ths. This point is noted

in reference (a).)

Time is zero at the instant that the Z-&xis, moving with the hu1l, is coin-
cident with the beginning of the gust.

Consider the force acting on aniy slice of the hull at a distance x aft of the
bow. The force on this slice ic calculated on the basis of the two-dimen-
sional viscous flow abcut a cylinder.

dFaf C4 1 w'Z)b B2

In this analysis, a value of 0.5 was used for Cd, based on data given in
referente (n) for the large Reynolds' Number applicable to airships. Equa-
tion (B-) gives the value of w 9P varying with time, that acts on the slice.
Assuming an elliptical hull shape,

ZNR~- (I2] (B-3)
z.R [1- C ,)]I

Assuaing tbe hull e.g. to be at the center of the ellipse, the monent due to

the force acting on the slice is,

dM = (i (B-4)

Combining equations (B-1), (B-2), (P-3), and (B-4) gives,

7) (V am 2)a] &44

The toWl moment acting at wy time depends on how far the hull has penetrated

into tioe gust, this distance being Vt. Equation (B-5) must therefore be inte-
grated from 0 to Vt to obtain the instantaneous value of total moment. Divid-
ing by the moment of inertia gives the rotational acceleration, from which
rotational displacement can be obtained by a double integration over time.

-25-
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0

This integral can be put in terms of the dimensionless parameter x/a by

changing equation (B-6) to:
(B-7)

J AL

All the terms inside the integral are irndependent of the geometry of the air-

ship except for the ratio a/2.5c, which releates the hull length to the length

of gust critical for the fin. Typical values of a/c, the ratio of hull
length to fin chord, are:

ZS2G-1: 2.84

aSG-4: 3.73

ZPG-P: 3.72ZR-*,: 4.8P

These values do not cover too wide a rcnge tc prevent choosing one representa-
tive value of a/2.5c as generally app-licable to all airships. It mist be
remembered that the critical Jeng-ths om gusts had. a brod range (note Fig-
ure 5) and the one selected for analysis (represented here by 2.5) was fairly

arbitrary. If longer guets are t-rken in conbxnaticn with airships having a
higher value of a/c, the value a/2.5c = 3/2.5 can be considered rensunably
applicable to all airships. Solutions for &ny airship, therefore, can be
obtained by using appropriate values for the constants outside the intergral.

Solutions obtained for the ZS2G-I airship are shown in Figure 7,

-6
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TAIL DISPLACEMENT (feet) & VELOCITY (ft/soc)
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